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1 Introduction
The bosonic open string has tachyonic instability around the usual string vacuum [1-8].
Historically, Kostelecky´ and Samuel [1] studied tachyon condensation in Witten’s version
of bosonic open string field theory [9] using a level truncation scheme. In recent, Sen and
Zwiebach [2] had argued that this calculation can describe the decay of a space filling D25-
brane to the bosonic string vacuum. In terms of the D-brane, the existence of the tachyon
mode in the D-branes system signs that the system is unstable. It is conjectured that at
the minimum of the tachyon potential the D-brane will decay into the closed string vacuum
without any D-brane. In some other unstable systems, such as a non-BPS D-brane or
a coincidence D-brane anti-D-brane pair, the tachyon may appear too. It has also been
conjectured (Sen’s conjecture [2])that the energy density in some systems will vanish at the
minimum tachyon potential and thus the D-branes disappear .
As the tachyon condensation plays an important dynamics in the D-brane systems the
tachyon condensation in the string theory has therefore attracted many researchers recently.
In this paper we will investigate the quantum corrected tachyon potential at zero and high
temperature. The later system is the environment in the early universe or densed star, in
which the quantum gravity and thus the string theory play a crucial role. The problem is
thus worth studying.
As is well known that, at the tree level, the effective tachyon Lagrangian looks like a Higgs
field which poses a negative mass squared [1]. Thus, a correct choice of vacuum can stabilize
the system and the tachyon field condenses. In the other words, the tachyon system shows the
similar mechanism of spontaneously symmetry breaking in the electroweak model. However,
the temperature is known to be able to restore the tree-level symmetry breaking. Therefore, it
is interesting to see whether the temperature could drastically modified the tachyon potential
such that the tachyon field becomes stable and there is no tachyon condensation. This is the
main motivation of this paper.
We will use the boundary string field theory (BSFT) [10,6,7] to evaluate the one-loop
tachyon potential for the bosonic string at zero or high temperature. Note that the back-
ground independent open string field theory proposed by Witten [10] around the year ’92–’93
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is well suited for the study of tachyon condensation in that only the tachyon field (not the
whole string field) acquires the nonvanishing vacuum expectation value. Therefore we can
proceed without any approximation scheme such as the level truncation method [1] to obtain
some exact results about the tachyon physics: the tachyon potential and the description of
the D-branes as tachyonic solitons. It is also possible to take a more intuitive approach,
generalizing ordinary sigma models [11]. This approach has been used by Kraus and Larsen
[12] to investigate the tachyon condensation in the DD¯ system. This is the strategy we
pursue in this paper.
In section II we briefly review the method of background string field theory (BSFT), and
the tree-level tachyon potential calculated by Kraus and Larsen in [12] is reproduced for
clear.
In section III we first discuss the boundary condition on the annulus before evaluating
the one-loop corrected tachyon potential. The boundary conditions we adopted are the sym-
metric boundary condition, which was discussed by Bardakci and Konechny in [13], and
diffeomorphism invariant boundary condition, which was discussed by G. Arutyunov, A.
Pankiewicz and B. Stefanski in [13] 1. Then, the boundary conditions are used to evaluated
the quantum corrected potential at zero temperature. The one-loop tachyon potential cal-
culated in the symmetric boundary condition in our approach has the same form as that in
[13]. The potential, however, is slightly different from that at the tree level. It is interesting
to see that in the diffeomorphism invariant boundary condition the function form of one-loop
tachyon potential is exactly the same as that at tree level. However, both results show that
the quantum correction does not change the fate of the tachyon condensation. Therefore,
the Sen’s conjecture passes the check at the one-loop level. We also review the paper of CKL
[14] in which a more fundamental classical action is defined and is used to study the loop
correction in BSFT [14]. Note that our one-loop corrected tachyon potential has the same
form as that in [13] but not those in the other literatures [15].
In section IV, after discussing the path integral approach to finite temperature string
theory, the high-temperature one-loop corrected tachyon potential is first calculated. The
1I will thank the authors of G.A.B [13] who mention the diffeomorphism invariant boundary condition to
me after the first vesion of this paper is posted on arXiv.
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potential form shows that the temperature does not change the fate of the tachyon conden-
sation. Thus the Sen’s conjecture has also been passed the check at the one-loop level at
high temperature.
As the tachyon system shows a similar mechanism of spontaneously symmetry breaking
in the electroweak model [1], one may wonder that the temperature effect calculated in
section IV does not restore the tree-level symmetry breaking. Therefore in section V, we use
the truncated the string Lagrangian [1] to evaluated the one-loop high-temperature tachyon
potential. The results confirm that the high temperature could not change the fate of the
tachyon condensation.
In section VI we consider the system including the EM and B field and the property of
universality of the tachyon potential in the general background [3], including the thermal
environment, are discussed.
The last section devotes to a short conclusion. ..
2 Tree-Level Tachyon Potential
In the boundary string field theory (BSFT) approach to tachyon potential [10] we can begin
by computing the partition function of the bosonic string, formally defined as
Z(uµ) =
∫
DX e−(Sbulk+Sbundy) , (2.1)
with
Sbulk =
1
4πα′
∫
Σ
d2σ
√
γγab∂aX
µ∂bXµ . (2.2)
Sbndy =
1
2α′
∫
∂Σ
dθ uµX
µXµ . (2.3)
Here Σ is the world sheet with metric γ and coordinates σ. θ is the line coordinate on the
boundary ∂Σ. The tachyon field T is in the quadratic profile,
T =
∑
µ
uµ
2α′
X2µ, (2.4)
and BSFT action is given by [10]
S(uµ) =
(
1 +
∑
µ
uµ −
∑
µ
uµ
∂
∂uµ
)
Z(uµ).. (2.5)
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If we expand the action with respect to uµ we can then use the relation (2.4) to rewrite
the action in terms of the tachyon field, as that in the field theoretical form. The tachyon
potential is then obtain. In this section the tree-level tachyon potential calculated by Kraus
and Larsen in [12] is reproduced for clear.
It is known that tree-level world sheet may be conformally mapped into a disc. Choose
the metric on the disc as
ds2 = dρ2 + ρ2dτ 2, ρ ≤ 1, 0 ≤ τ < 2π , (2.6)
with the boundary at ρ = 1, the unique regular solution to the bulk equation of motion,
∇2Xµ = 0, is
Xµ = Xµ0 +
√
α′
2
∞∑
n=1
ρn
(
Xµne
inτ +Xµ−ne
−inτ
)
. (2.7)
The bulk action evaluated on this solution is
Sbulk =
1
2
∞∑
n=1
nXµ−nX
µ
n . (2.8)
The quadratic boundary interaction becomes
Sbndy =
1
2α′
∫
dτ
2π
uX2|ρ=1 = 1
2α′
uX20 +
u
2
∞∑
n=1
X−nXn. (2.9)
Here the index on X is omitted because we focus on a specific X hereafter for convenience.
We also let uµ = u. Note that the boundary interaction breaks conformal invariance and
therefore takes the theory off-shell, which is the phenomena of tachyon condensation.
The partition function of the bosonic string in (2.1) can now be easily evaluated
Z1(u) =
∫
dX0√
2πα′
∞∏
n=1
dXndX−n
2π
e−(Sbulk+Sbndy) =
1√
u
∞∏
n=1
(
1
n+ u
)
(2.10)
The zeta function regularization can be used to evaluate the above infinite product, i.e.:
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∞∏
n=1
(
1
n+ u
)
= exp
{
d
ds
∞∑
n=1
(n + u)−s
}
s=0
= exp
{
d
ds
[
ζ(s, u)− u−s
]}
s=0
exp
{
ln Γ(u)− 1
2
ln 2π + lnu
}
=
u Γ(u)√
2π
=
1√
2π
(1 +O(u)), (2.11)
where the ζ(z, q) is the Hurwitz zeta function [16]. Therefore the partition function is
Z(u) =
√
u Γ(u)√
2π
=
1√
2π
(
1√
u
+O(u)
)
. (2.12).
The term O(u) in the above equation will contribute to the derivation of tachyon field and
not to the tachyon potential, we can thus neglect it.
Note that the prefactor 1√
2π
in (2.12) is that from the value in (2.11) after letting u = 0.
It is just the partition function without u term. More precisely, it is the partition function
with zero value of tachyon. Therefore the regularized value, i.e. 1√
2π
shall be absorbed in
the renormalize string tension. Thus the remained extra factor 1√
u
will contribute to the
tachyon potential.
Using (2.5) we can find the action and the tachyon potential at tree level becomes
U(T ) = (1 + T )e−T , (2.13)
up to a renormalized constant. The potential U(T ) has two extrema at T = 0 and T = ∞.
T = 0 corresponds to the original D25-brane, and its energy density U(0) = 1 (with a
renormalized string tension) is exactly equal to the known D25-brane tension. On the other
hand, T = ∞ is thought of as the ‘closed string vacuum’. Because the energy at the
new vacuum is vanishing, i.e. U(∞) = 0, the Sen’s conjecture that the negative energy
contribution from the tachyon potential precisely cancels the D25-brane tension is thus
proved.. The next subsection is used to investigate the same problem while at the one-loop
level.
3 One-Loop Tachyon Potential
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3.1 Bulk Action
It is known that one-loop world sheet may be conformally mapped into an annulus. The
metric on the annulus is chosen as
ds2 = dρ2 + ρ2dτ 2, a ≤ ρ ≤ 1, 0 ≤ τ < 2π , (3.1)
The boundaries are at ρ = a, 1. The regular solution to the bulk equation of motion is
Xµ = Xµ0 +
√
α′
2
∞∑
n=1
[
ρn
(
Xµne
inτ +Xµ−ne
−nτ
)
+ ρ−n
(
X˜µne
inτ + X˜µ−ne
−inτ
)]
. (3.2)
The bulk action evaluated on this solution is
Sbulk =
1
2
∞∑
n=1
[
n(1− a2n)Xµ−nXµn − n(1− a−2n)X˜µ−nX˜µn
]
. (3.3)
The next work is to evaluate the quadratic boundary interaction. However, in this stage,
there are some controversies on the choice of boundary condition. The exist literatures on
the calculation of annulus-diagram corrected to tachyon potential [13,14] does not use the
similar boundary condition and the found corrected potential is different from each other.
So let us first discuss the problems.
3.2 Boundary Action
3.2.1 Symmetry Boundary Condition
The first boundary action we interesting is that described by
Sbndy =
1
2α′
∫
dτ
2π
uX2|ρ=1 + 1
2α′
∫
dτ
2π
uX2|ρ=a. (3.4)
In this so called symmetry boundary condition the conditions at the two boundaries, ρ = 1
and ρ = a, are treated on equal footing. This seems a simple condition, as discussed by
Bardakci and Konechnyin [13]. Their discussions are as following.
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If we change the annulus coordinate (3.1) to a cylinder with coordinates
φ = τ, t = −lnρ, 0 ≤ φ < 2π, − lna ≤ t ≤ 0, (3.5)
and represent a string by a boundary state |S >, then the partition function which we want
to evaluate becomes that with the initial state |S >t=0 at the right end of the cylinder and
the conjugated state < S|t=−lna being the final state at the left end. The partition function
thus have the reflection symmetry about the middle of the cylinder that interchanges the two
ends of the cylinder. Thus it seems naturally to choose the symmetry boundary condition,
as it treats two boundaries on equal footing. Not that some papers in [15] does not treat the
two boundaries on equal footing, and thus there is relative sign between two terms in (3.4).
3.2.2 Diffeomorphism Invariant Boundary Condition
The second action we interesting is that described by
Sbndy =
1
2α′
uµvν
∫
dτ
2π
XµXν |ρ=1 + 1
2α′
a uµvν
∫
dτ
2π
XµXν |ρ=a. (3.6)
G. Arutyunov, A. Pankiewicz and B. Stefanski [13] first use this boundary condition to
evaluated the annulus partition in presence of tachyon for the superstring theory. In this so
called diffeomorphism invariant boundary condition the presence of a in the last term will
make the measure of the integral be diffeomorphism invariant. It is seen that symmetric
conditions easily follow from the diffeomorphism invariant boundary condition by choosing
uµ = u, vν = u/
√
a. In the following calculations, however, we shall let uµ = vµ as we
consider both ends of the string are on the same brane.
3.3 One-Loop Partition Function and One-Loop Tachyon Poten-
tial
The boundary action can be written as
Sbndy =
1
2α′
∫
dτ
2π
uX2|ρ=1 + c 1
2α′
∫
dτ
2π
uX2|ρ=a, (3.7)
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if we take uµ = u. Thus the above action becomes the symmetry boundary action if c = 1
and becomes diffeomorphism invariant boundary action if c = a.
Using the solution (3.2) the general boundary interaction (3.7) becomes
Sbndy =
1 + c
2α′
uX20 +
u
2
∞∑
n=1
[(1 + c a2n)X−nXn
+(1 + c a−2n)X˜−nX˜n +
1 + c
2
X˜nXn +
1 + c
2
X˜−nXn]. (3.8)
Now, the partition function on annulus with the bulk action in (3.3) and boundary action
in (3.8) can be easily evaluated to be
Z1(u) =
∫
dX0√
2πα′
∞∏
n=1
dXndX−n
2π
e−(Sbulk+Sbndy)
=
1√
(1 + c)u
∞∏
n=1
[
1
(a−n − an) n2 +O(u)
]
. (3.9)
The term O(u) in the above equation will contribute to the derivation corrections of tachyon
field and not to the tachyon potential, we can thus neglect it.
3.3.1 One-Loop Partition Function without tachyon field
Note that the infinite product term in (3.9) is just the corresponding terms which will
contribute to the partition function but without u term, i.e. without tachyon field. Therefore,
after the integration over a (from zero to 1) the divergence value shall be canceled by the
counter term to give the finite renormalized string tension. The exact form is irrelevant to
our result and is neglected here.
3.3.2 One-Loop Tachyon Potential: Symmetry Boundary Condition
In the symmetry boundary condition c = 1, and the remained factor in the partition (3.9)
becomes 1√
2u
. This factor, as that in (2.12), will contribute to the tachyon potential. Now,
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the infinite product term in (3.9) is the corresponding terms discussed in the above subsection
and the one-loop tachyon potential now becomes
U(T ) = (1 + 2T )e−2T , (3.10)
up to a renormalized constant term which depends on the string tension. The above one-
loop tachyon potential agrees with that evaluated by Bardakci and Konechny in different
approach [13].
3.3.3 One-Loop Tachyon Potential: Diffeomorphism Invariant Boundary Con-
dition
In the diffeomorphism invariant boundary condition c = a, and the remained factor in the
partition (3.9) becomes 1√
(1+a)u
. This factor depends on the internal radius a and shall be
included into the infinite product term in (3.9) before taking an integration over a (from zero
to 1) to find the partition function. To handle this factor we see that the divergence is coming
from the region a→ 0 during integrating over a, therefore we may take an approximation by
1√
(1+a)u
≈ 1√
u
. Now this factor is exactly that in the tree level, i.e. (2.12), and the one-loop
tachyon potential becomes
U(T ) = (1 + T )e−T , (3.11)
up to a renormalized constant term which depends on the string tension.
3.4 CKL Approach to the Loop Corrected Tachyon Condensation
In this subsection we review the paper of Crup, Kraus and Larsen (CKL) [14] in which a more
fundamental classical action is defined and used to study the loop correction in boundary
string field theory (BSFT).
BSFT has so far provided a good understanding of tachyon condensation at the classical
level. The question addressed in CKL paper is how to include quantum corrections in BSFT.
It is known that conformal invariance is broken by the tachyon background and one is left
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with an ambiguity as to the choice of Weyl factor of the world-sheets. This ambiguity did
not arise at the level of the disk because the definition of BSFT demands that the Weyl
factor be rotationally invariant, and the remaining freedom can be compensated for by a
redefinition of couplings.
Crup, Kraus and Larsen had found that to develop a consistent formalism in which
gravity does couple to the energy momentum tensor the two boundaries on the annulus (or
cylinder) should be on an equal footing. They also found some discrepancies which, however,
only arise for nonconstant tachyon backgrounds.
According to the CKL comment, if we used the diffeomorphism invariant boundary con-
dition (3.6) we will encounter the difficulties such as the breakdown of the Fishler-Susskin
mechanism. Beside, the conformal invariance will be broken in the system including the
boundary interaction, but we could still expect that the system is invariant under a map
which mapping the inner boundary of annual onto the outer boundary. The diffeomorphism
invariant boundary condition (3.6) does not respect this symmetry while the symmetry
boundary condition (3.4) does. Therefore the one-loop potential in (3.10) is a more reliable
result.
Note that Crup, Kraus and Larsen had made a farther step. They find that the correct
procedure is to use the integrated vertex operator to ensure the full set of the string gauge
invariances. They use the totally novel action to find the loop corrected tachyon potential.
Their result is
U(T ) = [(1 + T )e−T ]2, (3.12)
up to a renormalized constant term.
The quantum corrected potential U(T ) , (3.10) or (3.11), has two extrema at T = 0 and
T =∞ as that in the tree level. The tachyon will roll down towards the vacuum at T =∞
in which the new vacuum has vanishing energy. This proves the Sen’s conjecture at one-loop
level.
The quantum corrected potential U(T ) in (3.12) has three extrema at T = −1, T = 0
and T =∞. The tachyon will roll down towards the vacuum, at T = −1 or T =∞, both of
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which also have vanishing energy. This proves the Sen’s conjecture at one-loop level.
Note that the existence of two vacua in the loop corrected potential (3.12) is a new
phenomena and deserves to be investigated furthermore. It also remains to see whether a
field redefinition can transfer (3.10) to (3.12).
4 Tachyon Potential: Finite Temperature
In the above section we use path integral approach to evaluate the stringy partition function.
As well known, the path integral approach can be easily extended to investigate the finite
temperature string theory [17]. In this approach the Euclidean spacetime with time X0
will be compactified on a circle of circumference. Temperature will affect the string gas as
the string can wrap around the compact time direction with a given winding number ℓ, i.e.
X0(ρ, τ+2π) = X0(ρ, τ)+ℓβ. This will affect the zero modes of the bosonic string embedding
field X0 and thus can be incorporated by adding a term nβ
2π
τ to its mode expansion.
Note that in string perturbation theory, the disc amplitude is unmodified at finite tem-
perature, because the disc worldsheet cannot wrap the cylindrical target space and so cannot
distinguish between a compactified and an uncompactified spacetime. Thus there is not tem-
perature effect at tree level and the first corrections due to temperature will appear in the
annulus amplitude. This is the work of this section.
From the above discussions we see that at temperature 1/β the regular solution to the
bulk equation of motion is
Xµ(β) = Xµ +
ℓβ
2π
τ δµ,0, (4.1)
in which Xµ is the solution in (3.2). The bulk action evaluated on this solution is
Sbulk(β) = Sbulk +
ℓ2β2
16π
, (4.2)
in which Sbulk is calculated in (3.3). Using the symmetry boundary condition the quadratic
boundary interaction becomes
Sbndy(β) = Sbndy + (1 + c) u
ℓ2β2
24
, (4.3)
in which Sbndy is evaluated in (3.8).
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The finite temperature partition function on annulus can be evaluated as before, except
that the winding modes ℓ shall be summed. At high temperature we can use the Poisson
summation formula to perform the summation, i.e.
∞∑
ℓ=−∞
exp
[
−
(
1
16π
+
(1 + c)u
24
)
ℓ2β2
]
=
∫ ∞
−∞
dt exp
[
−
(
1
16π
+
(1 + c)u
24
)
β2t2
]
+
2
∞∑
n=1
∫ ∞
−∞
dt exp
[
−
(
1
16π
+
(1 + c)u
24
)
β2t2
]
cos(2nπt)
=
√
π√
1
16π
+ (1+c)u
24
β

1 + 2 ∞∑
n=1
exp

− n2π2β−2
1
16π
+ (1+c)u
24




≈ 4π
β
[1 +O(u)], (4.4)
which is a good approximation at high temperature. Note that as discussed before, the term
O(u) does not contribute to tachyon potential and thus is neglected.
From (4.4) and result in section 3.3 we finally obtain the high temperature one-loop
corrected tachyon potential
U(T, β) =
4π
β
U(T ), (4.5)
in which U(T ) is the zero-temperature one-loop tachyon potential evaluated in (3.10) and
(3.11). Thus we see that, likes that at zero temperature, the tachyon at high temperature
will also roll down towards the vacuum at T = ∞ in which the new vacuum has vanishing
energy. This prove the Sen’s conjecture at high temperature.
5 One-Loop Tachyon Potential in Level Truncation Scheme
As discussed in reference [1] the tachyon system shows a similar mechanism of spontaneously
symmetry breaking in the electroweak model, one may wonder that the temperature effect
does not restore the tree-level symmetry breaking. Although it is not easy to give a simple
explanation we would like to give the following observation.
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In the truncated approximation the string Lagrangian determined to the level (1.2) is [1]
L(0,0) = −1
2
∂µφ∂
µφ+
1
2
φ2 − 1
3
(
3
√
3
4
)3
φ˜3 − 1
2
∂µAν∂
µAν − 3
√
3
4
φ˜A˜µA˜µ
−3
√
3
8
(
∂µ∂νφ˜A˜µA˜ν + φ˜∂µA˜ν∂νA˜µ − 2∂µφ˜∂νA˜µA˜ν
)
, (5.1)
in which
φ˜(x) ≡ exp
(
− ln 4
3
√
3
∂µ∂
µ
)
φ(x), A˜λ(x) ≡ exp
(
− ln 4
3
√
3
∂µ∂
µ
)
Aλ(x) (5.2)
We let α′ = 1 for convenience in the above relation.
The positive sign before φ2 means that the symmetry is broken at the tree level. The
higher derivative terms in tachyon field φ are known to play important roles in determining
the spectrum at the nonperturbative vacuum, but, as the first approximation, we will simply
set φ˜ = φ. This assumption is true if φ(x) does not intensively fluctuate. The Lagrangian
then become φ3 theory coupled to EM field in the conventional field theory. Using the
method of paper [17] we can find the high-temperature effective potential
Veff = C
1
β2

−1 + 2
(
3
√
3
4
)3
φ

 , (5.3)
in which C is a positive number which is dependent on the spacetime dimensions. As is
easily seen, this corrected potential could not stabilize the field at φ = 0 and thus could not
restore the symmetry breaking at tree level.
In fact, one can prove a general property that the temperature can restore the symmetry
breaking in φ4 theory but cannot restore the symmetry breaking in φ3 theory, Note that
the result of (5.3) is very rough as it considers only the lower truncated string Lagrangian
determined at the level (1,2). But we thought it is still interesting.
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6 Universality of Tachyon Potential: String with EM
and B Field
The above method could be extended to investigate the tachyon condensation in B and F
field. In this case the bulk action is
Sbulk(B,F ) = Sbulk +
1
4πα′
∫
Σ
d2σ ǫab(Bµν − Fµν)∂aXµ∂bXν . (6.1)
in which Sbulk is defined in (2.2). The second term in (6.1) does not change the tachyon
potential. This can be seen from the following observation.
From the sections II - IV we see that only the first term in Sbndy, i.e. ∼ uX20 in (2.9)
or (3.8), will itself contribute to the tachyon potential. The remaining u-dependent terms
in Sbndy and Sbulk will contribute to the kinetic term or higher derivations of tachyon field,
which is irrelevant to the tachyon potential and may be neglected. Thus, when the bulk
action does not depend on Xµ0 (which is defined in (2.7)) then the path integration over the
action can only affect the renormalized string tension, as the case in section III, and, at most,
contribute a prefactor in the potential form, as the case in section IV. Therefore, no matter
what the backgrounds may be, if the bulk action does not depend on the mode Xµ0 , then
the backgrounds can only affect the renormalized string tension and, at most, contribute a
prefactor in the potential form. The second term in (6.1) is proportional to ∂aX
µ∂bX
ν and
does not depend on the zero model Xµ0 , thus it will not correct the potential, even the system
is in a heat bath. This leads us to conclude that the tachyon potential is universal [3], in
the sense that the potential does not depend on the background which string is coupled to
or living in.
7 Discussions
Tachyon condensation is a conceptually simple process of fields rolling down a potential
towards a minimum. Sen had conjectured that the negative energy contribution from the
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tachyon potential at the minimum point will precisely cancels the D25-brane tension [2].
This conjecture has been proved at the tree level [1-6] and one-loop level [13-15].
In this paper we use a intuitive approach of boundary string field theory, which has been
used by Kraus and Larsen [12], to evaluate the one-loop tachyon potential of the bosonic
string.
We first use the symmetry boundary condition to evaluate the one-loop tachyon potential.
In this boundary condition our results agree with that calculated by Bardakci and Konechny
[13] who use a different approach.
We next use the diffeomorphism invariant boundary condition [13] to evaluate the one-
loop tachyon potential. We find that in this seems more natural condition the quantum
corrected form of the tachyon potential is exactly as that in the tree level.
We also review the paper of CKL [14]. According to the CKL comment, if we used the
diffeomorphism invariant boundary condition (3.6) we will encounter the difficulties such as
the breakdown of the Fishler-Susskin mechanism . Thus the one-loop potential in (3.10)
is a more reliable result. As CKL adopt a novel fundamental classical action to study the
loop correction in BSFT their result is different from others. It remains to investigate the
implications of their results.
As the string at high temperature is that in the early universe or densed star, the in-
vestigation about the tachyon condensation at high temperature is physically interesting.
We extend the approach to the finite temperature. The high-temperature tachyon potential
calculated in this paper is found to have the same form as that in zero temperature, up to
a temperature dependent string tension. The Sen’s conjecture thus passes the check at the
one-loop level at high temperature.
As the tachyon system shows the similar mechanism of spontaneously symmetry breaking
in the electroweak model, one may wonder that the temperature effect does not restore the
tree-level symmetry breaking. We thus use the truncated string Lagrangian [1] to evaluate
the one-loop high-temperature tachyon potential, as that in the particle field theory [18].
Our results confirm the fact that the high temperature could not change the fate of the
tachyon condensation.
16
We have also considered the theory including the EM and B field. Then we find that our
method could also provide an easy way to prove the universality of the tachyon potential,
even if the string is in a thermal background.
Finally we want to mention that the D-brane -anti-D-brane system at finite temperature
has been investigated in [19]. It was found that a finite temperature leads to the reappearance
of open string degrees of freedom and that at a sufficiently large temperature the open string
vacuum becomes stable. Thus the tachyon field at the open string vacuum is no longer
tachyonic, and so the DD¯ system is stable. We will use the prescription of this paper to
study the finite temperature DD¯ system in the next paper.
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